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Executive summary

Yellowfin tuna, an important component of tuna fisheridaroughout the WCPO, are
harvested with a diverse variety of gear types, froralissgale artisanal fisheries in Pacific Island and
southeast Asian waters to large, distant-water longlinerspange seiners that operate widely in
equatorial and tropical waters. Purse seiners catcltda size range of yellowfin tuna, whereas the
longline fishery takes mostly adult fish.

Since 2000, the total yellowfin tuna catch in the WCPO Jvaged between 370,000 and
440,000 mt. Purse seiners harvest the majority of the yelldudia catch (53% by weight in 2007),
with the longline and pole-and-line fisheries comprising 16% and##&e total catch, respectively
(source: WCPFC 2007 Yearbook). Yellowfin tuna usually repreggmtogimately 20—-25% of the
overall purse-seine catch and may contribute higher percentdges catch in individual sets.
Yellowfin tuna is often directly targeted by purse seinespecially as unassociated schools which
accounted for 56% of recent (2000—2005) yellowfin purse-seich ¢ay weight).

Longline catches in recent years (70,000—-80,000 mt) are well balohes in the late 1970s
to early 1980s (which peaked at about 110,000 mt), presumablydrétatehanges in targeting
practices by some of the larger fleets. The domesticrieshef the Philippines and eastern Indonesia
catch yellowfin using a variety of gear types (e.g. polé-dne, ringnet, gillnet, handline and seine
net). Catches from these fisheries have increased overghdqmmde and are estimated to represent
approximately 25-30% of total WCPO yellowfin tuna catches.

This paper presents the 2009 assessment of yellowfin tuna wesltern and central Pacific
Ocean. The assessment uses the stock assessment modebnapmater software known as
MULTIFAN-CL. The yellowfin tuna model is age (28 age-claysand spatially structured (6
regions) and the catch, effort, size composition and nggdata used in the model are classified by 24
fisheries and quarterly time periods from 1952 through 2008.

The spatial and fishery structure is equivalent toukat in the 2007 assessment and the data
sets have been updated to include the catch, efforsiam@omposition data from the last two years.
However, there have been a number of significant changdsetonodel inputs, in particular the
adoption of an alternative catch history for the purseesieet that includes a substantially higher
level of catch for the associated purse-seine fishergreThave also been refinements to the catch
histories from the Philippines fisheries, the longline CPUkces] and biological parameteid-at-
age and spawning fraction). The current assessment alsctigatesd a range of structural
assumptions related to the relative weighting of the longlifRJE indices and longline size
frequency data, the consideration of an increase idatehability of the longline fisheries (“effort
creep”), and assumptions regarding the parameterisatitve spawner-recruit relationship (SRR).

For comparative purposes, the current assessment moddswasmafigured to be equivalent
to the 2007 assessment (including purse-seine catches calausdatg the previous approach). The
model yielded results that were very similar to the resaflthe 2007 base case assessment model. In
general, the results from the range of current model options egrsiderably more optimistic than
the 2007 base case model with respect to theM@Y based indicators of stock status. This was
principally due to the assumptions regarding the steepridbée &RR, although some of the other
changes in model inputs and assumptions were also influentia

The main conclusions of the current assessment ard@ssol

1. For all analyses, there are strong temporal trend$ienestimated recruitment series. Initial
recruitment was relatively high but declined during the 1950s and 19606suiftient remained
relatively constant during the 1970s and 1980s and then declesedilgtfrom the early 1990s.
Recent recruitment is estimated to be considerablyrltvea the long-term average.

2. Trends in biomass are generally consistent with the underisengd in recruitment. Biomass is
estimated to have declined throughout the model period. Mogl#bns that incorporate an



increase in longline efficiency (catchability) were @dwerised by a higher initial biomass level
and a stronger overall decline.

The biomass trends in the model are principally driven by the-senies of catch and GLM
standardised effort from the principal longline fisheriese Turrent assessment incorporated a
revised set of longline CPUE indices and, for some mod@raptthe indices were modified to
account for an estimate increase in longline catchabiity some of the main longline fisheries
(in particularly LL ALL 3), there is an apparent incomsrey between the trends in the size-
frequency data and the trends in longline catch and effertthe two types of data are providing
somewhat different information about the relative leveligiiihg mortality in the region. The
current assessment includes a range of model sensitivtiesamine the relative influence of
these two data sources. Nonetheless, further researdyuged to explore the relationship
between longline CPUE and yellowfin abundance and the methodologgdafgpstandardise the
longline CPUE data.

Fishing mortality for adult and juvenile yellowfin tuna mstimated to have increased
continuously since the beginning of industrial tuna fishingsignificant component of the
increase in juvenile fishing mortality is attributable te tPhilippines and Indonesian surface
fisheries, which have the weakest catch, effort anddsre There has been recent progress made
in the acquisition of a large amount of historical lengdguency data from the Philippines and
these data were incorporated in the assessment. Howeees,is an ongoing need to improve
estimates of recent and historical catch from thedeerfiss and maintain the current fishery
monitoring programme within the Philippines. While the vasi@nalyses have shown that the
current stock status is relatively insensitive to theuased level of catch from the Indonesian
fishery, yield estimates from the fishery vary in accaogawith the level of assumed Indonesian
catch. Therefore, improved estimates of historical amdeot catch from these fisheries are
important in the determination of the underlying produgtieit the stock.

The ratios B, /B, r, provide a time-series index of population depletion by the fisheri

Depletion has increased steadily over time, reachingeh ¢¢ about 60% of unexploited biomass
(a fishery impact of 40%) in 2062007. This represents a moderate level of stock-wide depletion
although it is considerably higher than the equivalent equihibased reference point (

§MSY/I§O of approximately 0.35-0.40). However, depletion is considerably higher in the

equatorial region 3 where recent depletion levels are appatedy 0.35 and 0.30 for total and
adult biomass, respectively (65% and 70% reductions from the loitexplevel). Impacts are
moderate in region 4 (30%), low (about-28%) in regions 1, 2, and 5 and minimal (5%) in
region 6. If stock-wide over-fishing criteria were appliedre level of our model regions, we
would conclude that region 3 is fully exploited and the iaing regions are under-exploited.

The attribution of depletion to various fisheries or groupsfisfieries indicates that the
Philippines/Indonesian domestic fisheries and associated pumsefshery have the highest
impact, particularly in region 3, while the unassociated puise §shery has a moderate impact.
These fisheries are also contributing significantly to fiebery impact in all other regions.
Historically, the coastal Japanese pole-and-line and pense-fisheries have had a significant
impact on biomass levels in their home region (1). In allorey the longline fishery has a
relatively small impact, less than 5%.

The current assessment includes a number of changé® tmodel assumptions, particularly
related to the biological parameters (natural mortalitg reproductive capacity), the relative
influence of the longline CPUE and size frequency data,chadiges to the input data (most
notably the purse-seine catch). However, the most influectiahge from the previous
assessment relates to the assumptions regarding tpaedsef the spawner-recruit relationship.
Previous assessments have determined low values of ste@pties model estimation procedure,
while the current assessment has assumed a range ofvéikess for steepness (0-%595).
Assuming a moderate value of steepness (0.75) has resuleedonsiderably more optimistic
assessment of the stock status (compared to 2007 basewase)tide actual value of steepness
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and, to a lesser degree, the interaction between stsepnesthe other changes in model
assumptions (especially the revised biological paramemi®r Ipenalty on the longline effort
deviations, and increasing longline catchability).

For a moderate value of steepness (0.75),ent/ IEMSY is estimated to be 0.58.68 indicating
that under equilibrium conditions the stock would remainl vadlove the level capable of
producing MSY (B _ /Bysy 1.39-1.59 and SBp _ /SBysy 1.50-1.79), while

current

Beurrent/ Busy and SBy,on / éMSY are estimated to be well above 1.0 (+:#867 and 1.461.88,

respectively). For lower values of steepness (Brf50.65),B.ent/ §MSY and SE’Eurrem/ éMSY
were estimated to be above 1.0 for all the seits#$vconsidered. Most of the model options with
lower values of steepness also yielded estimatés,gf, ../ IE,\,ISY below 1.0; however, thé~,sy

reference point was approached or slightly exceddedh subset of the model options that
included the lowest value of steepness (0.55) iml@nation with a number of other factors.

Sensitivity analyses were conducted to investitfageinfluence of a range of key model inputs,
principally those relating to steepness of the SRRe levels of catch from the
Indonesian/Philippines and purse-seine fishefiést-age, and the region 6 CPUE index. The
interaction between each of these factors andttier &ey model assumptions (relative weighting
of longline CPUE and size frequency data and irsem longline catchability) was also
examined. The uncertainty associated with the pestimates of the keWlSY based reference
points was also determined using a likelihood peaipproach. Both analyses revealed that most

of the uncertainty in estimates Bf, on/Fusy Beurent/Busy and SByyen/Busy Was

attributable to the value of steepness for the SRRrall, the full range of model options yielded
estimates of current biomass that were well ab88gs, and, with the exception of a subset of

the model options that incorporated the lowest evadfi steepness (0.55), estimates of fishing
mortality were well belowFysy. The probability distributions derived from thedlihood

profiles were generally consistent with these ole@ns.

The estimates dMSY for the four principal models are 552,6@37,000 mt and considerably
higher than recent catches estimates for yello¢480,000 mt, source WCPFC Yearbook 2007).
The large difference between tiMSY and recent catches is partly attributable to ttoeks
assessment model incorporating the higher (predig)rpurse-seine catch estimates (representing
an additional catch of approximately 100,000 mtgr@num in recent years). The more optimistic
models suggest that the stock could potentiallypettdong-term average yields above the recent
levels of catch. However, it is important to nobatt recent (1998007) levels of estimated
recruitment are considerably lower (80%) than tregiterm average level of recruitment used to
calculate the estimates BISY. If recruitment remains at recent levels, thenaberall yield from

the fishery will be lower than thdSY estimates.

While estimates of current fishing mortality arengeally well below Fy,sy,, any increase in

fishing mortality would most likely occur within geon 3 — the region that accounts for most of

the catch. This would exacerbate the already reghl$ of depletion that are occurring within the

region. Further, the computation BfSY-based metrics assumes that the relationship betwee
spawning biomass and recruitment occurs at theaglelel of the stock and, therefore, does not
consider the differential levels of impact on spagnbiomass between regions. The spawning
biomass in region 3 is estimated to have been eetlite approximately 30% of the unexploited

level; however, due to the lower overall depletafrthe entire WCPO stock, the model assumes
that there has been no significant reduction in ghawning capacity of the stock. A more

conservative approach would be to consider the sp@vwcapacity at the regional level and define
reference points accordingly.

The current assessment has undertaken a more dwmpiee analysis of model uncertainty than
previous assessments. The analysis indicateshbassumptions regarding the spawner-recruit
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relationship represent the most significant source of taiogy. For tuna species, there are no
strong empirical data available to inform the model rédigg the likely range of values of
steepness of the SRR that underpinMi&Y based stock indicators. On that basis, it may be more
appropriate to adopt alternative fishing mortality and bgsriaased reference points that are not
reliant on theMlSY concept, although inevitably some assumption regarding the SR @ssary,
implicitly or explicitly, in the formulation of other &drnative stock indicators.

The structural uncertainty analysis investigated the itnplaa range of sources of uncertainty in
the current model and the interaction between these assumpgtiomstheless, there remains a
range of other assumptions in the model that should be igatsdi either internally or through
directed research. Further studies are required: teerefir estimates of growth, natural mortality
and reproductive potential, incorporating consideration ofisp@mporal variation and sexual
dimorphism; to examine in detail the time-series of gigguiency data from the fisheries, which
may lead to refinement in the structure of the fisherielidiec! in the model; to consider size-
based selectivity processes in the assessment model; éotcafle frequency data from the
commercial catch in order to improve current estimateshef population age structure; to
improve the accuracy of the catch estimates from a numblegyofisheries, particularly those
catching large quantities of small yellowfin; to refiriee tmethodology and data sets used to
derive CPUE abundance indices from the longline fishery; anefiteerapproaches to integrate
the recent tag release/recapture data into the assessiomgel.



1 Introduction

This paper presents the current stock assessment of yalkowé Thunnus albacargsn the
western and central Pacific Ocean (WCPO, west of W30The first assessment was conducted in
1999 and assessments were conducted annually until 2007. Thereoest assessments are
documented in Hampton and Kleiber (2003), Hampton et al. (2004, pA@DA6) and Langley et al.
(2007). The current assessment incorporates the most maenfrom the yellowfin fishery and
maintains the model structure of the recent assessmentssenisdivity of the key results of
assessment to a range of model assumptions, principalgdealo uncertainty in the various input
data sets, is also examined.

The overall objectives of the assessment are to estipggiulation parameters, such as time
series of recruitment, biomass and fishing mortalityt ihdicate the status of the stock and impacts
of fishing. We also summarise stock status in termseadifkmown reference points, such as the ratios

of recent stock biomass to the biomass at maximum suskainaeld (Bcurrem/@MSY and

SE’Eurrem/ S§MSY) and recent fishing mortality to the fishing mortality MSY (F_,ent/ Fusy )-
Likelihood profiles of these ratios are used to describe tineertainty.

The methodology used for the assessment is that commonly knowfUBSIFAN-CL
(Fournier et al. 1998; Hampton and Fournier 2001; Kleiber &083; http://www.multifan-cl.org,
which is software that implements a size-based, age-saatally-structured population model.
Parameters of the model are estimated by maximizing arctogefunction consisting both of
likelihood (data) and prior information components.

2 Background

2.1 Biology

Yellowfin tuna are distributed throughout the tropical anbd-Bopical waters of the Pacific
Ocean. However, there is some indication of restrictedngiketween the western and eastern
Pacific based on analysis of genetic samples (Ward 4984) and tagging data (Figure 1). Adults
(larger than about 100 cm) spawn, probably opportunisticailyyaters warmer than 26 (Itano
2000), while juvenile yellowfin are first encountered in conuia fisheries (mainly surface fisheries
in Philippines and eastern Indonesia) at several months of age

Yellowfin tuna are relatively fast growing, and have aximum fork length (FL) of about
180 cm. The growth of juveniles departs from von Bertalanfpe tgrowth with the growth rate
slowing between about 40 and 70 cm FL (Lehodey and Leroy 1999).

There is some indication that young yellowfin may grow mooavlyl in the waters of
Indonesia and the Philippines than in the wider area of the W@R@anaka 1990). This is further
supported by the comparison between the growth rates derived fr@ROWyellowfin stock
assessment (Hampton et al. 2006) and the growth rates d&éowedh MFCL model that included
only the single western, equatorial region (region 3) (Lanefiey. 2007) (Figure 2). The growth rates
from the western equatorial region alone were considerablgrithan from the WCPO, with the
former growth rates more consistent with the growtlyedfowfin in the southern Philippines waters
(Yamanaka 1990) (Figure 2) and growth increments from tagselrecovery data (Figure 3). On the
other hand, the growth rates from the WCPO MFCL model are consistent with the growth rates
determined from daily growth increments from a collectbmtoliths collected from a broad area of
the equatorial WCPO (Lehodey and Leroy 1999) (Figure 2).

The natural mortality rate is strongly variable with sizeth the lowest rate of around @8
yr'! being for pre-adult yellowfin 5680 cm FL (Hampton 2000). Tag recapture data indicate that
significant numbers of yellowfin reach four years of agee longest period at liberty for a recaptured
yellowfin, tagged in the western Pacific at about 1 yéage, is currently 6 years.


http://www.multifan-cl.org/

2.2 Fisheries

Yellowfin tuna, an important component of tuna fisheridiroughout the WCPO, are
harvested with a wide variety of gear types, from snw@lesartisanal fisheries in Pacific Island and
southeast Asian waters to large, distant-water longlinerspange seiners that operate widely in
equatorial and tropical waters. Purse seiners catcltda size range of yellowfin tuna, whereas the
longline fishery takes mostly adult fish.

Since 2000, the total yellowfin tuna catch in the WCPO Jaged between 370,000 and
440,000 mt (Figure 4). Purse seiners harvest the majority of Hogvie tuna catch (53% by weight
in 2007), with the longline and pole-and-line fisheries compridi®® and 4% of the total catch,
respectively (source: WCPFC 2007 Yearbook). Yellowfin tuna lysuapresent approximately 20—
25% of the overall purse-seine catch and may contribute higheermdages of the catch in individual
sets. Yellowfin tuna is often directly targeted by pusséers, especially as unassociated schools
which accounted for 56% of recent (2000—-2005) yellowfin purse-saicé (by weight).

Longline catches in recent years (70,000-80,000 mt) are well balohes in the late 1970s
to early 1980s (which peaked at about 110,000 mt), presumablydrétatehanges in targeting
practices by some of the larger fleets. The domesticrieshef the Philippines and eastern Indonesia
catch yellowfin using a variety of gear types (e.g. polé-dne, ringnet, gillnet, handline and seine
net). Catches from these fisheries have increased overghdgmmde and are estimated to represent
approximately 25-30% of total WCPO yellowfin tuna catches.

Figure 5 shows the spatial distribution of yellowfin tuna catcthe WCPO for the past 10
years. Most of the catch is taken in western equatargds, with declines in both purse-seine and
longline catch towards the east. The east-west diswibuti catch is strongly influenced by ENSO
events, with larger catches taken east of’E6@uring El Nifio episodes. Catches from outside the
equatorial region are relatively minor (5%) and are dotath@y longline catches south of the equator
and purse-seine and pole-and-line catches in the north-wesegrof the WCPO (Figure 6).

3 Data compilation

The data used in the yellowfin tuna assessment cafsisttch, effort, length-frequency and
weight-frequency data for the fisheries defined in thdyaisa and tag release-recapture data. The
details of these data and their stratification are desgtibelow.

3.1 Spatial stratification

The geographic area considered in the assessment is th® Wdéfhed by the coordinates
40°N-40°S, 120E-15C°'W. Within this overall area, a six-region spatial stredifion was adopted for
the assessment (Figure 5). The rationale for this fatedibn was to separate the tropical area, where
both surface and longline fisheries occur year-round, from the rhigtiides, where the longline
fisheries occur more seasonally. The spatial strdiificais also designed to minimise the spatial
heterogeneity in the magnitude and trend in longline CPUE (Langley 28068lhe size composition
of the longline catch (Langley 2006c). The stratificationtha assessment is equivalent to that used
in the 2007 assessment.

3.2 Temporal stratification

The time period covered by the assessment is-ZEHB. Within this period, data were
compiled into quarters (JaWar, Apr-Jun, JutSep, OctDec). The 2004 assessment was extended
back to 1950. However, data prior to 1952 are limited andlatethe expansion of the fishery in the
southern regions; consequently, the two earlier years @arieded from the current analysis. The
time period covered by the assessment includes almdseadignificant post-war tuna fishing in the
WCPO.



3.3 Definition of fisheries

MULTIFAN-CL requires the definition of “fisheries” thabasist of relatively homogeneous
fishing units. Ideally, the fisheries so defined will haedectivity and catchability characteristics that
do not vary greatly over time (although in the case tfhedility, some allowance can be made for
time-series variation). Twenty four fisheries have baéefimed for this analysis on the basis of region,
gear type, nationality and, in the case of purse seingpme{Table 1).

There is a single principal longline fishery in each regidn ALL 1-6) and two additional
Chinese/Taiwanese longline fisheries (LL TW-CH) fishingagions 3 and 4. The separation of these
fisheries from the general longline fisheries in those regi@ssrequired because of the different size
composition of yellowfin tuna (and hence different selectiviéen by the Chinese/Taiwanese fleet.
This difference is thought to be related to operatiohatacteristics (shallow night sets, as opposed to
deep day sets).

Similarly, the Papua New Guinea longline fishery (LL PG I3, ¢astern Australian longline
(LL AU 5) fishery, Hawaiian longline fishery (LL HW 2, 4), aiath aggregate of the Pacific Island
domestic longline fisheries (LL PI 6) were included as sdpdisheries in the model (Table 1).

A spatio-temporal analysis of size data from the Japafmwgline fishery revealed that
yellowfin caught within PNG waters, principally the BiswlaSea, were consistently smaller than the
fish caught in the remainder of Region 3 (Langley 2006c). Hisity, this area accounted for a
significant component of the total longline catch from Regiond given the apparent difference in
size selectivity, it was decided to separate this compoofetite fishery (LL BMK 3) from the
principal longline fishery in Region 3 (LL ALL 3).

In the two equatorial regions, the purse-seine catch and éffoys searching and fishing)
data were apportioned into two separate fisheries: effoessociated schools of tuna (log, anchored
FAD, and drifting FAD sets) (PS ASS) and effort onssaxiated schools (free schools) (PS UNS).
The western equatorial region also includes a pole-andidihery that includes the catch and effort
data from the Japanese distant-water pole-and-line fleettrendiomestic pole-and-line fisheries
(Solomon Islands and, historically, PNG) (PL ALL 3). €es of yellowfin from this fishery peaked
in the late 1970s—early 1980s (at about 8,000 mt per annum) but eewvedggigible since 2000.

The domestic fisheries of the Philippines were grouped timto separate fisheries largely
based on the size of fish caught: a hand-line fishery catdamgg fish (PH HL 3) and a surface
fishery (ring net, small-scale purse-seine, etc) catchingller fish (PH MISC 3). In previous
assessments, the Indonesian domestic fishery was combinedheithhilippines surface fishery.
However, there is considerably greater uncertainty assdciatth the recent catch from the
Indonesian fishery and it was decided to disaggregate the coengis$iery to enable a more
comprehensive investigation of the uncertainty related toltkdenesian catch. The Indonesian
surface fishery includes catch by pole-and-line, purse-simgenet, and other methods (ID MISC 3).

The assessment includes the yellowfin catch from the sslaparse-seine (PS JP 1) and
pole-and-line (PL JP 1) fisheries operated by the Japanestatdleet within MFCL region 1.
Catches of yellowfin by the Japanese coastal surfadeieded at about 15,000 mt in the mid 1980s
and steadily decline over the subsequent period to about 5,080enent years.

3.4 Catch and effort data

Catch and effort data were compiled according to therieshelefined above. Catches by the
longline fisheries were expressed in numbers of fish,canches for all other fisheries expressed in
weight (Figure 8). This is consistent with the form ihieh the catch data are recorded for these
fisheries.

Total catches included in the model are lower than the stimmof total reported catches
from the WCPFC (Figure 4) due to the difficulties in spigtiaeparating some of the aggregated
catch estimates. For 1990-2007, model catches represent abouf #86taal WCPFC reported
catch, with most of the discrepancy due to the catcha® the “other” fisheries and longline



fisheries. Historical (pre 1970) catches for all gears othan longline were not available for
inclusion in the model data set (Figure 4).

Two alternative sets of purse-seine catch data were instte assessment. The first set
consisted of data extracted from the OFP databasdaifesaaggregated by 1° latitude, 1° longitude,
month and flag. These data are equivalent to the castbrhiused in previous assessments. Recent
studies have shown that these catch estimates are likalybistantially under-estimate the actual
catch of yellowfin due to inaccurate reporting of thecgse catch composition on logsheets and
biases in the observer sampling procedures (grab sampling¥¢ha2009). To address this bias, the
catch data were corrected using the results of a tinmtenber of paired grab and spill samples. This
resulted in considerably higher estimates of yellowfin cétem associated sets (Figure 7). There
remains a high level of uncertainty associated witlseheew estimates; however, on balance, the
corrected catches were considered to be more relinate the uncorrected catches. The corrected
catches were used as the principal catch series in$kesasent, while the uncorrected catches were
incorporated in a sensitivity analysis (see below).

Effort data for the Philippines and Indonesian surfaceffish&vere unavailable. Where effort
data are absent, the model assumes a constant valderofatl the model predicts the catch using
the effort and catchability deviations. The low penaltygivespecified for the deviations means that
the assumed effort data for these fisheries do not mfkithe estimates of stock biomass.

Effort data units for purse seine fisheries are definedlas fishing and/or searching,
allocated to set types based on the proportion of $etalattributed to a specified set type (associated
or unassociated sets) in logbook data. Similarly, efftata for the pole-and-line fisheries were
defined as days fishing and/or searching.

For the principal longline fisheries (LL ALL 1-6), effectiver (standardised) effort was
derived using generalized linear models (GLM) refining the approsed in recent assessments
(Hoyle 2009).

The technique for standardising longline effort was applied to determine the relative
scaling of longline effort between regions. These scalintbfadncorporated both the size of the
region and the relative catch rate to estimate thavelevel of exploitable longline biomass between
regions (see Langley et al. 2005). The scaling factors dexeed from the Japanese longline CPUE
data from 1960-86 (Hoyle & Langley 2007).

The scaling factors allowed trends in longline CPUE amongomegto be comparable
indicators of exploitable biomass among regions. For e&dheoprincipal longline fisheries, the
GLM standardised CPUE index was normalised to the rat#re GLM index from 1960-86 — the
equivalent period for which the region scaling factoesemderived. The normalised GLM index was
then scaled by the respective regional scaling fact@coount for the regional differences in the
relative level of exploitable longline biomass between regiStendardised effort was calculated by
dividing the quarterly catch by the quarterly (scaled) Chidiex.

An analysis of longline logsheet data from the region 3 fistm&s provided a minimum
estimate of the increase in longline catchability (efficiy) associated with the introduction of new
vessels into the fishery during 1980-2008 (Hoyle 2009). The catdhaddilyellowfin tuna by the
Japanese longline fleet in region 3 was estimated to haveagsed by 1.4% per annum over the
period. This estimate was applied to the entire periathefLL ALL 3 standardised effort series to
account for the increase in efficiency of new vesselerag the fishery — this factor is not
incorporated in the GLMs of the aggregated catch andt ef&da used to derive the principal CPUE
indices. For the other regions, yellowfin tuna is a lessenponent of the longline catch and, given
the lower level of targeting of the species, it was ictamed that historical trends in catchability
would be lower (than the estimated value). On thasbasi annual increase in longline catchability of
0.5% per annum was assumed for the other principal longéherfes. The two alternative longline
effort series (with and without increasing catchabilitygrevincluded in separate stock assessment
models.

For the other longline fisheries, the effort units weréngef as the total number of hooks set.



Time-series of catch-per-unit-effort (CPUE) for fidheries are shown in Figure 9. The GLM
standardised CPUE for the principal longline fisheriesh(\aitd without increasing catchability) are
presented in Figure 10.

Within the model, effort for each fishery was normaligedan average of 1.0 to assist
numerical stability. The principal longline fisheries wereugred to share common catchability
parameters in the various analyses. For such groupeetiés, the normalisation occurred over the
group rather than for the individual fisheries so as togpvesthe relative levels of effort among the
fisheries.

3.5 Length-frequency data

Available length-frequency data for each of the defingluefies were compiled into 95 2-cm
size classes (322 cm to 198200 cm). Each length-frequency observation consisted ofctiala
number of yellowfin tuna measured. A graphical representaif the availability of length (and
weight) samples is provided in Figure 11. The data werectetlefrom a variety of sampling
programmes, which can be summarized as follows:

Philippines: Size composition data for the Philippines domestic fishederived from a sampling
programme conducted in the Philippines in 98B were augmented with data from 1995. In
addition, data collected during 192008 from the Philippines hand-line (PH HL 3) and surface
fisheries (PH MISC 3) under the National Stock AssessrRenject (NSAP) were included in the
current assessment.

Indonesia:Limited size data were obtained for the Indonesian dom#éskieries from the former
IPTP database.

Purse seind:ength-frequency samples from purse seiners have beentedlfeom a variety of port
sampling and observer programmes since the mid-1980s. Most efiiyedata is sourced from the
U.S. National Marine Fisheries Service (NMFS) port samgpfirogramme for U.S. purse seiners in
Pago Pago, American Samoa and an observer programmecteshdor the same fleet. Since the
early 1990s, port sampling and observer programmes on other pureefleets have provided
additional data. Only data that could be classifieddiyjtype were included in the final data set.

Longline The majority of the historical data were collected oyt sampling programmes for

Japanese longliners unloading in Japan and from sampling ab@mpadese research and training
vessels. For each temporal stratum, the composite lengitibdiion for the fishery was derived

following the approach described below. In recent yearstHestefa from other longline fleets have
been collected by OFP and national port sampling andwayggrogrammes in the WCPO.

Japan coastaltength data from the Japanese coastal purse-seine agambline fleets were
provided by National Research Institute of Far Seas kesh@RIFSF).

Pole and line: For the equatorial pole-and line fishery, length data weadable from the Japanese
distant-water fleet (sourced from NRIFS) and from the domésets (Solomon Islands and PNG).
Since the late 1990s, most of the length data were collégtenbservers covering the Solomon
Islands pole-and-line fleet.

For the current assessment, quarterly length frequéistybutions were computed for the
principal longline fisheries weighted by the spatial distributainthe quarterly catch from the
individual fishery. Length data from the Japanese distardgrwaaid offshore longline fleets were
principally available aggregated in spatial strata of Ifyeks of latitude by 20 degrees of longitude.
The following procedure was applied to generate an aggregaigthldistribution for the region-
specific fisheries.

i.  The catch (in numbers of fish) for the fishery/quarmers aggregated to a spatial resolution
equivalent to the spatial resolution of the length dagaglly 10*20 lat/long).

ii.  The spatial strata that accounted for most (at least) @%he catch in the quarter were
identified.



iii. Each of the main spatial strata (ii) was required étushe a minimum of 15 fish sampled for
length. Otherwise, the length composition for the quarser mot computed.

iv.  Fish lengths sampled from each stratum were combinedhteei in proportion to the catch
in each stratum. The resulting length distribution wasesictd represent the total number of
fish measured in the quarter.

These protocols resulted in the exclusion of a large propatitite length samples collected
from the principal longline fisheries from 1970 onwards. In particila ALL 1 and LL ALL 2,
virtually all length samples collected during that periodrevrejected from the model data set
(Langley et al. 2007).

For the other fisheries, length data from each fisherylgquaxere simply aggregated
assuming that the collection of samples was broadly repias/e of the operation of the fishery in
each quarter.

3.6 Weight-frequency data

A large data set of individual fish weights from the Japat@msgline fisheries are available
for inclusion in the assessment. For many other longlimtsflépacking list” data are available from
export documentation, and these data are progressively pengssed and incorporated into the
assessment database. For this assessment, the avarddie data (apart from those provided by
Japan) originated from vessels unloading in various @dsand the region from where tuna are
exported, including Guam, Palau, FSM, Marshall Islandgis, Fapua New Guinea, Hawai'i, and
eastern Australian ports. Weights samples from the Japaswastal purse-seine fishery were also
provided by NRIFSF.

All weight data were recorded as processed weights ljysegorded to the nearest kg).
Processing methods varied among fleets requiring the afppticaf fishery-specific conversion
factors to standardise the processed weight data to vikbleveights. Details of the conversion to
whole weight are described in Langley et al (2006).

For each fishery, quarterly weight frequency data veemapiled by 1 kg weight intervals

over a range of 4200 kg. For the principal longline fisheries, the weight data agtgegated in
proportion to the spatial distribution of the catch, asriesd for the length data (see above).

The time-series distribution of available weight sampgeshown in Figure 11. The same
protocol for the aggregation of the length data was alsoiegbpb the calculation of the
fishery/quarter weight frequency data for the principalgline fisheries. The protocol reduced the
number of weight frequency samples included for a nundabdisheries, particularly LL ALL 5
during the last two decades (Langley et al. 2007).

3.7 Tagging data

A considerable amount of tagging data was available farpacation into the MULTIFAN-
CL analysis. The data used consisted of yellowfin tugarédeases and returns from the OFP’s
Regional Tuna Tagging Project conducted during +8892 and recent tag releases in the Hawaiian
handline fishery (19962001). Tags were released using standard tuna tagging eqti@me
techniques by trained scientists and technicians. Theelagse effort was spread throughout the
tropical western Pacific, between approximately°E@nd 170W (see Kaltongga 1998 for further
details).

The model does not yet include the tag release and recoveryroia the 2006—09 tagging
programme undertaken in PNG waters and the wider westergentral Pacific Ocean.

For incorporation into the MULTIFAN-CL analyses, tadesses were stratified by release
region (all yellowfin tuna releases occurred in regi2n6), time period of release (quarter) and the
same length classes used to stratify the length-frequeatay A total of 48,043 releases were
classified into 56 tag release groups in this way. Of4t8&2 tag returns in total, 4,170 could be
assigned to the fisheries included in the model. Tag retiinaiscould not be so assigned were
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included in the non-reported category and appropriate adjustmeds to the tag-reporting rate
priors. The returns from each size class of each fagse group were then classified by recapture
fishery and recapture time period (quarter). Because d@gns by purse seiners were often not
accompanied by information concerning the set type, tagareata were aggregated across set types
for the purse seine fisheries in each region. The populdyisamics model was in turn configured to
predict equivalent estimated tag recaptures by these gréispedes.

4 Model description - structural assumptions, parameterisation,
and priors

The model can be considered to consist of several compofigrnte dynamics of the fish
population; (ii) the fishery dynamics; (iii) the dynamicsadded fish; (iv) observation models for the
data; (v) parameter estimation procedure; and (vi) siasskssment interpretations. Detailed technical
descriptions of components @) (iv) are given in Hampton and Fournier (2001) and Kleiberl et a
(2003) and are not repeated here. Rather, brief descriptiotise various processes are given,
including information on structural assumptions, estimaiathmeters, priors and other types of
penalties used to constrain the parameterisation. For congentéese descriptions are summarized
in Table 2. In addition, we describe the procedures followede$timating the parameters of the
model and the way in which stock assessment conclusionsram® dising a series of reference
points.

4.1 Population dynamics

The model partitions the population into six spatial regions2&ngquarterly age-classes. The
first age-class has a mean fork length of around 25 cnisaagproximately three months of age
according to analysis of daily structures on otolithshfidey and Leroy 1999). The last age-class
comprises a “plus group” in which mortality and other chi@réstics are assumed to be constant. For
the purpose of computing the spawning biomass, we assume anfatedty schedule (Table 2)
consistent with the observations of Itano (2000). The popula§ “monitored” in the model at
quarterly time steps, extending through a time window of 426@8. The main population dynamics
processes are as follows:

4.1.1 Recruitment

Recruitment is the appearance of age-class 1 fish ingjm@ation. Yellowfin tuna spawning
does not follow a clear seasonal pattern in the tropics lour®sporadically when food supplies are
plentiful (Itano 2000). We have assumed that recruitmeniredostantaneously at the beginning of
each quarter. This is a discrete approximation to comtigirecruitment, but provides sufficient
flexibility to allow a range of variability to be incorpied into the estimates as appropriate.

The distribution of recruitment among the six model regions wsainiaed within the model
and allowed to vary over time in a relatively unconsedifashion. Stronger constraints were placed
on the variation of the spatial distribution of recruitmenthe initial 5 years of the time series. The
time-series variation in spatially-aggregated recreittrwas somewhat constrained by a lognormal
prior. The variance of the prior was set such that reneuts of about three times and one third of the
average recruitment would occur about once every 25 yeargeoage.

Spatially-aggregated recruitment was assumed to hawal nelationship with the spawning
biomass via a Beverton and Holt stock-recruitment relatipn@RR) with a fixed value of steepness
(h). Steepness is defined as the ratio of the equilibriunuiteeent produced by 20% of the
equilibrium unexploited spawning biomass to that produced bydinébgium unexploited spawning
biomass (Francis 1992; Maunder and Watters 2001).

The SRR was incorporated mainly so that yield analgsisid be undertaken for stock
assessment purposes, particularly the determination ofibeguii based reference points. We
therefore opted to apply a relatively weak penalty for devidtmm the SRR so that it would have
only a slight effect on the recruitment and other model astisn(see Hampton and Fournier 2001,
Appendix D).
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Typically, fisheries data are not very informative aboutdteepness parameter of the SRR
parameters; hence, the steepness parameter was fixatbdeeate value (0.75) and the sensitivity of
the model results to the value of steepness was explaedrange of model sensitivities with lower
(0.55, 0.65) and higher (0.85, 0.95) values of steepness. Thiss difden the approach used in the
2007 stock assessment which, for the base case, estirhatedltie of steepness internally in the
model. For comparison with the current assessment, the 2007 waslebrun with the equivalent
model assumptions. In this case, a beta-distributed prioasgasned on steepness of the SRR with a
lower bound at 0.2, a mode = 0.85, and standard deviation =FigLég 12).

4.1.2 |Initial population

The population age structure in the initial time period imeagion was assumed to be in
equilibrium and determined as a function of the average taghfity during the first 20 quarters.
This assumption avoids having to treat the initial age strecwhich is generally poorly determined,
as independent parameters in the model. The initial agewstweas applied to the initial recruitment
estimates to obtain the initial populations in each region.

4.1.3 Growth

The standard assumptions made concerning age and growth) #re (engths-at-age are
normally distributed for each age-class; (ii) the meantlengt-age follow a von Bertalanffy growth
curve; (iii) the standard deviations of length for each dags are a log-linear function of the mean
lengths-at-age; and (iv) the probability distributions ofghts-at-age are a deterministic function of
the lengths-at-age and a specified weight-length relatior(sigip Table 2). These processes are
assumed to be regionally invariant.

As noted above, the population is partitioned into 28 quarterhclagses. The number of
older age classes allows for the possibility of signifigaalder and possibly larger fish in the early
years of the fishery when exploitation rates were very low.

Previous analyses assuming a standard von Bertalanffytignoattern indicated that there
was substantial departure from the model, particularly foessiup to about 80 cm. Similar
observations have been made on yellowfin growth patterns detsffiom daily otolith increments
and tagging data (Lehodey and Leroy 1999). We therefore modetiedhgby allowing the mean
lengths of the first eight quarterly age-classes tomdlependent parameters, with the remaining mean
lengths following a von Bertalanffy growth curve. These deuia attract a small penalty to avoid
over-fitting the size data.

4.1.4 Movement

Movement was assumed to occur instantaneously at the begirfingagto quarter through
movement coefficients connecting regions sharing a common bourdiaies however that fish can
move between non-contiguous regions in a single time step audet “implicit transition”
computational algorithm employed (see Hampton and Fournier 208ibeK et al. 2003 for details).
Movement is parameterised as the proportion of fish in angiegion that move to the adjacent
region. There are seven inter-regional boundaries imtgel with movement possible across each in
both directions. Four seasonal movements were allowed, edttheir own movement coefficients.
Thus there is a need for 2x7x4 = 56 movement parametersedsensl pattern of movement persists
from year to year with no allowance for longer-term variafiormovement. A previous (2004)
assessment had included the estimation of age-specific mowddwmvever, there are limited data
available to estimate these parameters and for thertuassessment movement coefficients were
invariant with respect to age.

4.1.5 Reproductive potential

Reproductive output at age, which is used to derive spawning $spmas recalculated for
this assessment (Hoyle et al. 2009). The calculations lveexed on data collected in the WCPO, and
based on relative reproductive potential rather than (asopsty) the relative biomass of both sexes
above the age of female maturity. The calculations usetpproach previously applied to albacore
(Hoyle 2008) and bigeye (Hoyle & Nicol 2008) tunas in the WCPO.r€peoductive potential of

12



each age class was assumed to be the product of the tpmogemale at age, the proportion of
females mature at age, the spawning frequency at agatoferfemales, and the fecundity at age per
spawning of mature females (Figure 13). Overall, this resulig slight shift in the age of first
maturity and a substantial reduction in the reproductive patdar older age classes relative to the
values used in the 2007 assessment.

4.1.6 Natural mortality

Natural mortality 1) was held fixed at pre-determined age-specific levelsuddbmortality
at age was recalculated for this assessment usingpoagh previously applied to bigeye (Watters
and Maunder 2001; Harley and Maunder 2003) and yellowfin (Maunder andr§Va@i01) tunas in
the EPO, and to albacore (Hoyle 2008) and bigeye (Hoyle and Nicol 20¢8) in the WCPO. The
increasing proportion of males in the catch with insmeasize is assumed to be due to an increase in
the natural mortality of females, associated with slemadurity and the onset of reproduction. Details
of the calculations are provided in Hoyle et al. (2009).

Previous WCPO yellowfin assessments have applied a nahadality ogive calculated
using EPO data (Maunder and Watters 2001). The revised $eheak a slightly lower level of
natural mortality for the 1114 age classes. The externally-estimafledt-age is shown in Figure 14.

4.2 Fishery dynamics

The interaction of the fisheries with the population oct¢hrsugh fishing mortality. Fishing
mortality is assumed to be a composite of severalrablgaprocesses selectivity, which describes
the age-specific pattern of fishing mortality; catch&piliwhich scales fishing effort to fishing
mortality; and effort deviations, which are a random effedhe fishing effort- fishing mortality
relationship.

4.2.1 Selectivity

In many stock assessment models, selectivity is modalied functional relationship with
age, e.g. using a logistic curve to model monotonically inargaselectivity and various dome-
shaped curves to model fisheries that select neither thaggst nor oldest fish. In previous
assessments, we have modelled selectivity with sepagatspacific coefficients (with a range of
0-1), but constraining the parameterisation with smoothing lfgenaThis has the disadvantage of
requiring a large number of parameters to describetséigcin this assessment, we have used a
method based on a cubic spline interpolation to estimate agéspebtectivity. This is a form of
smoothing, but the number of parameters for each fishéhgisumber of cubic spline “nodes” that
are deemed to be sufficient to characterise selectivity the age range. We chose five nodes, which
seems to be sufficient to allow for reasonably compléecteity patterns.

Selectivity is assumed to be fishery-specific andetinvariant. Selectivity coefficients for
“main” longline fisheries LL ALL 1 and LL ALL 2 (northern figries) were constrained to be equal,
as were LL ALL 36 (equatorial and southern fisheries) and the Chinese/Taievdiségries (LL
TW-CH 3 and 4). For the two latter fisheries, selettiwias parameterised using a logistic functional
form rather than the cubic spline method. For all figsgrihe selectivity for the last four age-classes,
for which the mean lengths are very similar, was cairstd to be equal.

The Chinese/Taiwanese longline fisheries (LL TW-CH 3 and 4 leaught consistently
larger fish than the other longline fleets in a comparatvle period. There are operational differences
between the longline fleets that may account for a higkdectvity of larger fish by the
Chinese/Taiwanese fleet. These differences in size cotigmpsihich were consistent across length-
and weight-frequency data, implied that the selectigftplder yellowfin by the LL ALL fisheries
was less than 100%. On this basis, the selectivity ofCthiaese/Taiwanese longline fisheries was
constrained to have full selectivity for the oldest agssts, while the selectivity of the other longline
fisheries (including the principal LL ALL fisheries) wadoaled to have declining selectivity for the
older age classes.
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4.2.2 Catchability

Catchability was allowed to vary slowly over time (atona random walk) for all purse seine
fisheries, the Philippines and Indonesian fisheries, the Australiaiwanese/Chinese, Hawaii, PNG
(LL PNG 3 & LL BMK 3) and other Pacific-Island longlinesfieries, using a structural time-series
approach. Random walk steps were taken every two yearshardkviations were constrained by
prior distributions of mean zero and variance specifeedthe different fisheries according to our
prior belief regarding the extent to which catchabilityynteave changed. For the Philippines and
Indonesian surface fisheries (PH MISC 3 and ID MISC 3), fartedstimates were available. In the
absence of effort data, MFCL assumes a notional valuthné effort. For these fisheries, the variance
on the catchability deviations was high (approximating a CValedut 0.7), thereby, allowing
catchability changes (as well as effort deviations) &diot the observed effort without the assumed
effort series influencing the trend in stock abundana®. the other fisheries with time-series
variability in catchability, the catchability deviation gm$ were assigned a variance approximating a
CV of 0.10.

The “main” longline fisheries were grouped for the purposmigél catchability, and time-
series variation was assumed not to occur in this gisimoted earlier, this assumption is similar to
assuming that the CPUE for these fisheries indexes theitekjdoabundance both among areas and
over time.

Catchability for all fisheries apart from the Philippinesl andonesian fisheries (in which the
data were based on annual estimates) was allowed tceaspnally.

4.2.3 Effort deviations

Effort deviations, constrained by prior distributions of zeream were used to model the
random variation in the effort — fishing mortality r@teship. For the Philippines handline fishery,
the purse seine fisheries and the Australian, Hawaii andahase-Chinese longline fisheries, the
variance was set at a moderate level (approximating af O\2p

In previous assessments, the assumed variance offtne ddviates for the main longline
fisheries (LL ALL 1-6) was set at a low level (approximating a CV of 0.1) on thes bbat the effort
had been standardised in prior analyses and these longlgiés provide wide spatial coverage of
the respective areas in which they occur. However, the atdrairors associated with the region-
specific GLM indices indicate that the overall level ofi@ace in the CPUE indices is considerably
higher than the assumed level and that the variance isifotm over the time period — the variance
is generally higher during the 1950s reflecting a higher variatidhe observed catch rates. On this
basis, the penalty on the effort deviates for each reges set at a level that corresponded to an
average CV of 0.2 over the entire model period and allowingefoporal variation in the CV (in
proportion to the standard error of the individual indices)

This approach down-weighted the overall influence of theQRUE indices compared to
previous assessments by allowing the model more freedom dixtptiee longline catches via the
effort deviate parameters, particularly during the eaudyglel period.

The GLM analysis also reveals that there are markddreifces in the variance associated
with the CPUE indices among regions. The average standardf@rithe region specific indices are
0.26, 0.66, 0.16, 0.30, 0.65, and 0.63 for LL ALt6] respectively. An alternative approach using
iterative reweighting of the longline CPUE indices (followingcAllister & lanelli 1997) was applied
to determine the variance of the effort deviates that mvaie consistent with the region specific
variability in th